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Abstract 
A cooperation between Dürr AG, one of the world's leading suppliers for automobile manufacturing technology, and Industrial 
Solar GmbH, the leading supplier of high-quality solar process heat systems for industrial applications, is paving the way for a 
more sustainable automobile production technology. The first result from this cooperation was the Eco+Paintshop, in which a 
solar process heat system had been integrated to provide heat for the curing of autobody paint at 200°C [1]. 
The consistent advancement and rigorous research of these partners lead to their latest sustainable technology: The Eco+Energy 
CPS Suntec – a combined heat and power system (CHP) that uses a micro gas turbine and a Fresnel collector field to provide 
process heat for paint shop convection ovens, along with electric power. The solar process heat generated by a Fresnel collector 
field is used to preheat the compressed combustion air of the micro gas turbine via a heat exchanger. By feeding in solar process 
heat, the consumption of fossil fuels can be reduced by up to 35% at nominal power. The overall efficiency, including the usage 
of the hot exhaust gas of the turbine (i.e. for an industrial application) can reach values beyond 90%. The integration of a micro 
gas turbine and a solar process heat system also improves the economic viability of the solar thermal system, promoting the 
dissemination of solar thermal technologies for industrial applications. The paper will present further technical details of the 
Eco+Energy CPS Suntec, describe the next steps of the product development, and present an outlook of the application of this 
solar CHP technology.  
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1. Introduction 
Dürr is one of the world's leading suppliers of products, systems and services, mainly for automobile 
manufacturing. The range of products and services covers various stages of vehicle production. As a systems 
supplier, Dürr plans and builds complete automobile paint shops and final assembly facilities. Industrial Solar is the 
leading manufacturer of Fresnel process heat collectors. With eight years of experience implementing its systems, 
Industrial Solar has the longest track record with this technology worldwide. 
The automotive industry is under considerable scrutiny to make their products more environmentally sound. Not 
just the cars themselves, but the entire value chain must become more sustainable. One production process that 
contributes a significant share to the carbon footprint of a car is the curing of autobody paint. With the concept of a 
solar heated convection oven for paint shops presented last year, Dürr has charted a path forward to sustainable and 
resource efficient automobile manufacturing. A first demonstration system was successfully tested in 2012.   
 
The latest development aims at process heat for paint shops, as well as for industrial applications in general: the 
new Eco+Energy CPS Suntec combines micro gas turbine technology with a linear concentrating Fresnel collector 
for efficient generation of process heat and electric power.  
Previous developments of similar systems aimed at full substitution of fossil fuel for the micro gas turbine by 
high temperature process heat from point focusing solar systems like solar towers – a completely solar powered 
operation during sunshine hours. Only during periods without sunshine would other fuels be used to power the micro 
gas turbine. From a technical point of view, such systems are paving the way for hybrid power plants in the multi-
Megawatt range, and their complexity explains the high cost of these high-end cogeneration systems. 
The concept of a micro gas turbine with solar preheating, pursued by Dürr and Industrial Solar, aims at industrial 
applications in the power range of up to 500 kW of electrical energy in the automotive sector, for example. The 
combination of these two technologies can build on each of their strengths. The sustainable but fossil-fuel-fired 
micro gas turbine technology can profit from renewable solar thermal energy, and on the other hand, the solar 
thermal technology is supplemented by a technology that is not dependent on solar irradiation conditions. 
Ideally, micro gas turbines are deployed where process heat and decentralized power supply are needed. For 
example, the waste heat of gas turbines, with their high temperature profiles (275 - 600°C) is suitable for curing 
paint in the automotive sector, which has a temperature demand of up to 200°C.  
A concentrating collector is essential for the solar preheating of the micro gas turbine. Due to their low wind load 
and good ground usage Fresnel collectors like the Industrial Solar LF-11 can be installed on rooftops (i.e. of paint 
shops) and are the best technical and most economic solution for this application. 
2. Function and design of Eco+Energy CPS Suntec 
The three main components of the system are a micro gas turbine, a Fresnel collector field and a thermal oil 
circuit, along with the necessary heat exchangers for the preheating of the process air of the micro gas turbine. 
2.1. The linear concentrating Fresnel process heat collector – Industrial Solar 
The LF-11 Fresnel collector from Industrial Solar uses individually single-axis tracked mirror rows to concentrate 
the sunlight onto a vacuum receiver manufactured by Schott Solar reaching temperatures up to 400 °C. It is therefore 
ideally suited to provide process heat for industrial productions, to power multi-effect absorption chillers, or to 
generate electricity by means of small steam or ORC turbines. Depending on the application, different heat transfer 
media – water, thermal oil, or steam – can be used to transfer thermal energy to the heat-demanding process. The 
collector can either be installed directly on the rooftop of production factories or on the ground. Moreover, it can be 
easily integrated into existing energy distribution networks and be combined with an existing fossil fired boiler 
ensuring absolute security of supply.  
In case of convection ovens for the automotive industry with process temperatures up to 200 °C, the application 
of market available flatplate or vacuum tube collectors is not an option, as these collector types cannot provide such 
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high temperatures. Also the thermal power needed for paint shop convection ovens is well above the typical power 
range of flatplate or vacuum tube collectors, which were originally designed for domestic hot water applications. 
 
The Fresnel collector of Industrial Solar is perfectly suited for this application as it is designed for 
• Operating temperatures up to 400°C 
• Power in the Megawatt range 
• Rooftop installation 
• Precise and reliable temperature and power control 
• Low head loss at high flow rate 
 
  
Fig.  1 LF-11 process heat collector (Industrial Solar) 
Concentrating solar collectors are of great advantage for processes demanding high temperature heat at a crucial 
point. An example for this is the solar driven preheating of process air for the micro gas turbine Eco+Energy CPS 
Suntec by Dürr. For this system, thermal oil is heated to a maximum temperature of 340 °C and then circulated 
through a heat exchanger where compressed air of the micro gas turbine is preheated from 180 °C to 320 °C. 
2.2. The solar preheated micro gas turbine - Dürr 
With their Eco+Energy Compact Power System (CPS), Dürr offers a highly efficient combined heat and power 
generation unit, based on gas turbine technology. The micro gas turbine, which emerged from developments in the 
automobile and aircraft industry during the nineties, is a scalable power unit that can be driven by both gaseous and 
liquid fuel. Gas turbines are combustion machines, where heat is transformed directly into rotational energy. While 
the rotational energy is then partly transformed into electricity with a generator, usable heat remains within the 
expanded flue gas. 
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Fig.  2 Schematic diagram of an Eco+Energy CPS Suntec system 
The working principle of the Eco+Energy CPS Suntec, which combines micro gas turbine technology with a 
linear Fresnel collector, is to solar preheat compressed air injected with water before it enters the combustion 
chamber. Air leaving the compressor of the micro gas turbine at a pressure of 4 bar and a temperature of 220 °C is 
injected with water, resulting in a mixture temperature of 180°C. This injection of water in combination with solar 
preheating is a new concept that comes with three advantages: 1) the share of solar thermal energy can be increased, 
2) the turbine power is increased with the water injection and 3) the NOx emissions are decreased. In a second step, 
the air is preheated inside the solar driven thermal oil heat exchanger to 320 °C, before it is lead into the recuperator, 
where it is heated up to 600 °C by the heat of the flue gas. Next, the hot gas is injected into the combustion chamber, 
where fuel is added, and due to the combustion the temperature increases to 950 °C. The hot flue gas is then 
expanded in a turbine, which drives the generator and compressor. Finally, the heat of the flue gas is lead - after 
passing through the recuperator - to the waste heat recovery (i.e. paint dryer).  
One advantage of this production process is that the temperature level of the turbine flue gas (up to 645 °C) 
remains well above the maximum temperature inside the solar thermal circuit. Furthermore, the efficiency of power 
generation from solar thermal energy by the CPS (30 %) within the design power range of 100 kW - 500 kW is up to 
10 percentage points above the current state of the art. 
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2.3. Special features of the Eco+Energy CPS Suntec 
The development of the Eco+Energy CPS Suntec introduces a new method of solar-fossil fuel hybrid power 
generation. Its market focus is identical with that of the developing micro gas turbine itself, namely because of its 
power range up to 500 kWel, and for its decentralized and CHP applications. The conceptual approach does not 
completely substitute fossil fuels, contrary to solar thermal power plants, where a tremendous effort of solar 
technology is needed to completely substitute the fossil fuel. The preheating of process air is done without the need 
for a technically complex solar receiver, like the pressurized air receivers used in concentrating solar tower plants to 
heat compressed air in the gas turbine to temperatures up to 800 - 1000 °C. Instead, a heat exchanger is connected to 
the linear Fresnel collector via a thermal oil circuit. As the turbine will never be switched off, a constant supply of 
process heat and electrical power for the application (i.e. a paint shop) can be assured, independent of daylight and 
weather. 
By combining two technically and economically compatible systems, Eco+Energy CPS Suntec promotes two 
competing technologies in a single product – CHP and concentrating solar heat production for industrial 
applications. The sustainable but fossil fuel-fired micro gas turbine technology can benefit from utilizing renewable 
solar thermal energy, and on the other hand, solar thermal technology is supported by a technology that is not 
dependent on irradiation conditions. The economic feasibility of this approach becomes clear, when looking at the 
payback times, which occur within five years, depending on the basic conditions, as can be seen in the example in 
section 3.1. 
3. Application examples 
3.1. Paintshop in India 
The feasibility of this technology had been evaluated using the example of a modern paintshop of an automobile 
factory in India with a yearly production capacity of 185,000 cars correspondent to a yearly power consumption of 
20,000 MWh. By integration of the Eco+Energy CPS Suntec system the energy demand and thus the usage of 
primary energy can be reduced by 14,000 MWh or 70%, which is a reduction in CO2 emissions of 2,800 tons. 
The injection of water in the combustion air reduces the NOx emissions to values below 10 ppm – even without 
costly and complex catalytic converter systems. 
  
Fig.  3 Schematic diagram of an oven heating with Eco+Energy CPS Suntec  
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Table 1: Paint shop in Chakan / India 
Location 
Installation  
Paint shop capacity 
Max. thermal demand 
Operating hours per year 
Yearly sum of DNI in Chakan 
Thermal earnings per m² year 
Energy costs (according to customer) 
 - Gas 
 - Electricity 
   
Oven heating with Eco+Energy CPS Suntec 
Micro gas turbine 
Collector aperture area (including oversizing) 
  
Energy and cost savings 
  a) Energy costs (ordinary gas burner) 
 - fuel (heat) 
 b) Energy costs (Eco+Energy CPS Suntec) 
 - fuel (heat + power)  
 - include solar preheating 
 - electricity yield 
 - cooling of the building 
 
 => Savings 
  
Return on invest (ROI) 
  
  3 
32 
3400 
5800 
1914 
585 
 
0,069 
0,12 
  
 
9 
9370 
 
 
 
19,900 MWh 
 
24,600 MWh 
(1,800MWh) 
6,350 MWh 
 
 
 
 
5.04 
(India) Chakan 
Ovens 
units/h 
kW 
h/a 
kWh/(m²a) 
kWh/(m²a) 
 
€/kWh 
€/kWh 
   
 
pcs 
m² 
 
 
 
1,373 t€ 
 
1,697 t€ 
(- 124 t€) 
- 762 t€ 
- 47 t€ 
888 t€ 
485 t€ 
  
  a 
3.2. Truck service station 
A second example serves a truck service station in a remote desert region. The customer’s call for bids aims for 
an energetic self-sustaining station with a significant share of renewable energies to provide electricity as well as 
cold production for air conditioning of the building. The use of PV was unwanted by the customer, and besides 
would have needed a costly redundant system to cover the nighttime load of electricity and cooling. An appropriate 
solution is the Eco+Energy CPS Suntec in combination with an absorption chiller.   
The concept foresees three Compact Power Systems, connected in parallel, to fulfill the service station’s demand for 
300 kW of electricity at any time of the day or night. In case of sunny weather, the nominal kerosene consumption 
of the micro gas turbines can be lowered by solar preheating of the compressed flue gas air mix from 1185 kW to 
835 kW.  
The turbine flue gas with its high temperature level – which in contrary to a Diesel or gas motor contains 100% of 
the thermally usable energy – is used to drive the ammonia water absorption chillers to cool the building with a total 
power of 400 kW. Since the usable thermal power of the flue gas is not enough to cover the complete cooling load, 
an obvious solution would be a further solar thermally driven increase in the flue gas temperature level. With this 
approach, a solar fraction of 40% becomes feasible. 
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Fig.  4 Schematic diagram of an Eco+Energy CPS Suntec system combined with absorption chillers  
4. Summary and outlook 
The development of the Eco+Energy CPS Suntec introduces a new and cost competitive approach of solar-fossil 
fuel hybrid power generation. By combining two technically and economically compatible systems, Eco+Energy 
CPS Suntec promotes two competing technologies in a single product – combined heat and power (CHP) and 
concentrating solar heat production via Fresnel collectors for industrial applications. The sustainable but fossil fuel-
fired micro gas turbine technology can benefit from utilizing renewable solar thermal energy, and on the other hand, 
solar thermal technology is supported by a technology that is not dependent on irradiation conditions. Hence the 
24/7 supply of process heat and electric power can be assured, independent of daylight and weather. 
The next step will be to perform micro gas turbine tests to research more closely the injection of water in 
combination with solar preheating of the compressed air. Finally, Dürr and Industrial Solar are looking forward to 
the first implementation of this technology at a production site of a customer with high environmental awareness. 
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